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Summary 

Stepwise modification of a conf ormat ionally 
stabilised analogue of that fragment of somatostatin 
which had been thought to be the essential biologically 
active moiety has enabled us to synthesise the analogue 

7 £ S> H-(D)Phe-Cys-Phe-(D)Trp-Lys-Thr-Cys-Thr(ol) 

code-named SMS 201-995, which in vitro is three times 
more potent than the native hormone in inhibiting the 
secretion of growth hormone, which is highly resistent 
to degradation by pure enzymes and by tissue homogenates, 
which in vivo in rat and rhesus monkey is (depending on 
test system) at least 20 times more active than 
somatostatin, which is much longer acting, and which 
moreover in both species is much more selective in 
inhibiting the secretion of growth hormone than that of 
insulin. The compound is active by several routes of 
administration including the oral, is well tolerated 
both in laboratory animals and in man, and is currently 
undergoing preliminary clinical trial. 

It has long been apparent that the most probable conformation of 
the cyclic part of naturally-occurring somatostatin (C S R I F ) ) is that 
of an extended antiparallel P-sheet with the residues 1 rp 8 -Lys 9 at 
the corners of a p-turn. It was the Salk group who first showed, 
however, that not all of the native hormone is necessary for 
expression of the full activity spectrum (1,2) and Veber and co- 
workers in particular have suggested (3,4) that the essential 
pharmacophore is most likely the Phe 7 -Trp-Ly s-Thr 10 fragment. Our 
work, however, shows that the activity of this tetrapeptide 
fragment can be potentiated to yield highly active analogues with 
an activity profile of potential clinical interest. 



''J? 1 ?'' J Methods 



Peptide synthesis 

The analogues were prepared by use of conventional fragment 
condensation techniques. The final cleavage of the benzyl-type 
sidechain protecting groups was performed with boron-tris 
( trif luoroacetate) , BTFA, a method which proved superior to other 
procedures and is also suitable for large scale production. The 
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Animal Experiments 

All experiments in male rats (220 _ ?nn n \ • ^ 

under Nembutal anaesthesia The iff? iJ ? 9) * ere carried ou t 
either th P i m d "* estnesia - rhe test substances were applied by 

in'fhe fables and ^he tex? ' " b ?, infusi °n, as^ndica^d 

for the infu.i:s^x t s:rf::;;. B i l ; o j.:"r::; i ?5 0 : d tJ y decap t tation ^ 

was investigated under the inf l^c^of ^n tTnles TeT* S6Cretion 

neco S5 o; y er t e o d si„? l b ^;^r^cEe^i; > ' 0 j s 5 ?^ <••••■ 

In vitro exp e riments 

the T l%^oT^ a L eC (5l i0 Si^L"!^\J°T ne f °f l0Wed "«nti.lly 
IVANOVAS rats I, i.. f P ! d P ltulta ry cells from female 

."b8?:JL."i: r :% r : c SS.\ t :;; t ;; g ;f h :; n ;}-j;-j- H ;or 4 days. Test 

(maximal inhibition). ID50 for SRIF ° 3.0 nM IF 

.fl-srt^SsSJSStiirsi 1 ^ u°i f t^ s fii 2 t o ;ai: 5 or;ar k mp d red h with srif 

Peptides were incubated at JnJ fSe IlEJim 

intervals. r ° m alic > u ° ts removed at various time " 

Calcul ations of Conformation 

3 nH C H nf ° rmat fu n M Were ca iculated with Momanv/Scheraoa • s ECEPP (7) 

Radioimmunoassays 

1 »* 1 i«t°=?S2fS I*" ">»"""> appropriate rsdioim.uno.ssays , 
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Results and Discussion 

Structure Activity Rela tionship 

We chose, as a conformational^ adequate surrogate for the full 
hormone sequence, the cyclic hexapeptide 

Cys-Phe-(D)Trp-Lys-Thr-Cys 
and proceeded to prepare close analogues with two clear goals in 

d ted a compound which would inhibit the secretion of 

g o^h hormone^ (GH) in doses significantly less than those requi ed 
to inhibit insulin secretion; and we wanted a compound sufficiently 
stable that it, when properly formulated, could inhibit 9"wth 
ho mone secretion over ."therapeutically ade ^^e time span (SRIF 
itself has a plasma half-life in man of only about 3 minutes, 

Ca Ys n c y an b be 9 seen flom TaSieT^r^onf optionally suitable mimic 
rilfer posed pharmacophore seemed a singularly inadequate 
siar^inq po!n? for a program of rational drug design - ir. P^ u itary 
^w"?tCre in vitro it had less than 1/1000 the activity of SRIF 
and was in vivo not much better. 

TABLE I 

Structures and Biologica l Activities of some SR IF Analogues 
of the Type A-Cy s-Phe-D-T rp-Ly s-Thr-Cy s-B 



Subst ituents 



Relative potencies 



Lompu uuu 




B 


GH-inhibition 






A 


in vivo 


1 ; 


in vitro 


SRIF 






100 


(72) 2) 


100 


1 


H- 


-NH 2 


1.4 


(3) 


< 0.1 


2 


H- 


-D-Ser(NH 2 ) 


3.3 


(3) 


< 0.1 


3 


D-Phe- 


-NH 2 


165 


(2) 


4 


4 


D-Phe- 


-D-Ser(NH 2 ) 


680 


(3) 


12 


5 


D-Phe- 


-D-Thr(NH 2 ) 


1160 


(2) 


47 


6 


0-Phe- 


-Ser(ol) 


2800 


(3) 


19 


7 


D-Phe- 


-Phe(ol) 


560 


(2) 


32 


8 


D-Phe- 


-D-Thr(ol) 


1100 


(1) 


54 


SMS 201-995 


D-Phe- 


-Thr(ol) 


7000 


(14) 


300 



X) Pretreatment time 15 min., i.m. application 

2 ^ Number of experiments 

The addition of a C-terminal residue [2] to the eye lohexapept ide 
lid little to help matters. We therefore investigated ways of 
incorporating additional structural elements of SRIF i" to Q ^e 
starting compound, for example an N-terminal Mino- c . One of the 
amino-acid residues of somatostatin which is thought to be 
tmnnrtant is phenylalanine 6 (which in the cyclohexapeptide is 
repSaceS by C?s). By means of both physical and computer-assisted 



# 
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model-building (7). we accordingly designed the ^-terminal D-phenyl 
alanyl analogue [3]. The aromatic side chain of this additional 
amino-acid can occupy at least some of the conformational space 
available to Phe 6 in SRIF and also protects the disulphide bridge 
against enzymatic" attack. The compound has 4S of "Ji" 1 * 0 ' 
SRIF in vitro but is about equally active in vivo. Addition of the 
C-terminal amino-acid from [2] to give the octapeptide L«J 
quadrupled the activity, and a C-terminal D-Thr NH 2 ) was still 
better [5]. The change from the D-amino-acid amide [4] to an amino- 
alcohol [6] improved the in vivo activity considerably 
leaving the in vitro activity largely unchanged. Substitution of 
Jhe(o?) for Ser(ol) in the hope of imitating Phen of SRIF improved 
in vitro activity [7] but gave disappointing results in^o. The 
introduc tion of D-Thr(ol) at the C-terminal [8] resulted in no 
particular improvement in either test system, but reversion to the 
Natural L-conf iguration for the C-t.win.l.D,ino-.cxd culminated in 
the synthesis of the title compound, in which the C -ternunal 
Thr(ol) most likely takes the place of the corresponding Thr, 2 in 
the native hormone. A possible low-energy conformation of SMS 
201-995 is shown in Fig. 1, with the corresponding fragment of SRIF 
for comparison. 




FIG. 



A possible low-energy conformation of SMS 201-995 with (inset) 
an identical view of the corresponding fragment of bKU 



Metabolic Stability 

Quite early in the synthetic series we decided that we needed a 
screening test for assessing the stability of the analogues against 
the actions of degradative enzymes. After a number of experiments 
with pure enzymes and enzyme mixtures, we settled instead on an 
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ultraf iltrate of rat kidney homogenate (6) as being capable of 
degrading most endogenous peptides within minutes. Fig. 2 shows 
both the remarkable stability of SMS 201-995 compared to SRIF in 
this test and the variation of the 1050 for GH- suppress ion in vivo 
with time for the two compounds. SMS 201-995 has clearly a 
prolonged duration of action. Measurements of the plasma levels of 
SMS 201-995 by means of a specific radioimmunoassay after 
intravenous and subcutaneous administration of a single dose of 
10 ug/kg gave plasma half-lives of 10 and 22 min, respectively. 
SMS 201-995 is also orally active. The ID50 for GH-inhibi t ion in 
Nembutal anaesthetised rats is 125 ug/kg after one hour. 




n 1 1 • 

15 30 60 minutes 



° y! 2 * Vi % 1 3 6 20 hours 

FIG. 2 

Stability of SMS 201-995 (•) compared with SRIF (o) against 
degradation by an ultraf iltrate of rat kidney homogenate 
(1 out of 3 experiments is shown). Inset the variation 
of ED50 for inhibition of growth hormone secretion in 
rats after i.m. injection against pretreatment time 
(Details see Table II). 

Pharmacodynamic effects 

The pharmacodynamic effects of SMS 201-995 have been extensively 
investigated in both rats and rhesus monkeys. In all investigations 
the compound was compared with SRIF as standard; Table II 
summarises some of the results obtained in rat s . For inhibition of 
growth hormone secretion, 15, 30, and 60 min. after intramuscular 
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administration of test substance, the ID50's are 0.08, 0.08 and 
0.34 ug/kg respectively. These doses are rather similar, in 
contrast to those of SRIF needed under the same conditions (5. 6, 
26 and 759 ug/kg). The resulting potency ratios of about 70, 300, 
and 2200 (SRIF = 1) demonstrate not only the high absolute potency 
of SMS 201-995 but also its much longer duration of action. In the 
same species, using an identical route of administration and 15 
min pretreatment time, SMS 201-995 inhibits glucose-stimulated 
insulin secretion only 3 times more potently than SRIF and because 
of its enhanced GH- inhib i t or y potency is 22 times more GH/insulm 
specific than SRIF. In contrast, in inhibition of insulin- 
stimulated glucagon secretion, SMS 201-995 is only 3 times more 
GH/qlucagon selective than SRIF. When SMS 201-995 is given i. v. 
(15 min before blood- sampl ing ) or s.c. (60 min before blood- 
samoling) the ID50's for inhibition of growth hormone secretion 
are also very low (0.08 ug/kg in both cases), resulting m potency 
ratios of 800 and 1100 compared to SRIF. The finding that s.c. 
injection of up to 1 mg/kg SMS 201-995 did not modify insulin 
secretion indicates that under these experimental conditions this 
analogue is extremely selective for GH- inhib it ion in comparison 
to SRIF. 



TABLE II 

Comparison of the Pharmacodynamic Effects of SMS 201-995 and SRIF 

in the Rat 



Parameter 


Time 
min. 


SMS 201-975 
1050 ug/kg 
(SEM) 


n 


SRIF 

ID50 ug/*<g 

(SEM) 


n 


Potency 
Ratio 
SRIF = 1 


Insulin/GH 
or 

Glucagon/GH Ratio 
SMS SRIF 


GH i.m. 


15 


0.08 
(0.06-0.11) 


1*. 


5.6 
(5.2-6.0) 


72 


70 






30 


0.08 
(0.06-0. 11 ) 


3 


26 

* (7.9-85) 


2 


325 






60 


0.3<* 
(0.2**-0.*i9) 


3 


759 
(<« 80-1 200) 


2 


2230 




infusion 


60 


0.18/h 
(O.U-0.23) 


U 


3.5/h 
(3.0-^.1 ) 


10 


19 




Insulin i .m. 


,5 11 


26 
(20-3M 


2 


77 
(66-89) 


32 


3 


309 13.8 


infusion 


60 


1 .<t/h 
(0.92-2.1) 


<» 


6.6/h 
(5.6-7.8) 


8 


*t.7 


7.7 1.9 


Glucaaon i.m. 


.5 2) 


0.65 
(0.61-0.69) 


2 


15 
(13-17) 


1<* 


23 


7.7 2.7 


infusion 


60 


3.5/h 
(2.1-6.0) 




17/h 
(13-22) 


7 


5 


19.it *».9 



11 0.5 g/kg glucose i.v. f 5 min. before decapitation 

2) 1 IU/kg insulin i.v., 15 min. before collection of blood from the portal 
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TABLE III 

Comparison of the Pharmacodynamic Effects of SMS 201-995 and SRIF 

in the Rhesus Monkey 



Hormone SMS 201-795 
ID50 pg/kg/h 
(SEM) 



SRIF 

1050 >jg/kg/h 
(SEM) 



Potency Insulin/GH 
Ratio or 
SRIF = 1 Glucagon/GH 
Ratio 



Selectivity 
factor 
SRIF = 1 



SMS 



SRIF 



CH 


0.0«i 


3 


1.7 


<» 


*.5 




(0.03-0.05) 




(1 .2-2.5) 








Insulin 


3.8 


3 




U 


1.3 100 


3 33 


(1.2-12) 




(3.6-6.7) 








Glucagon 


0.075 


3 


0.8 


(* 


11 2 


0.5 *♦ 


(0.05-0.11 > 




(0.52-1 .3) 









When test substances are administered by means of l.y. infusion 
and hormone measurements are performed after equilibration it may 
be expected that the ID50's obtained reflect activities which are 
largely uninfluenced by differing time courses of action. Under 
such conditions, SMS 201-995 inhibits growth hormone secretion 19 
times more potently than SRIF but insulin secretion only 4.7 times 
more potently. The compound is thus at least 4 times more GH/ 
insulin specific than SRIF. 

It may well be that the most relevant data concerning 
predictability to man are those which result from infusion 
experiments in primates such as the rhesus monkey (TaDle III). The 
ID50 (0.038 ug/kg/h) for inhibition of basal GH-secretion is two 
orders of magnitude less than that required to inhibit basal 
insulin secretion (3.8 ug/kg/h), whereas that for basal Q^agon 
(0.075 Mg/kg/h) is close to the GH-value. In comparison to SRU , 
SMS 201-995 inhibits growth hormone 45 times more potently and is 
33 times more GH/insulin specific. To our knowledge, this is the 
first time that a strict comparison (under identical conditions; 
of the activities of SRIF and an analogue has been reported for a 
primate species. We would stress that effects on basal levels or 
all three hormones were determined in parallel following the 
infusion of test drug. Such results are likely to represent most 
closely the situation to be expected in clinical practice. 

SMS 201-995 also potentiates the hypogly caemic effect of 
insulin, most likely by suppressing glucagon secretion. By 
simultaneous i.m. injection of varying doses of SMS 201-995 and a 
fixed i.v. dose of insulin into Nembu tal-anaes t he t ised rats, we 
have found, for example, that 1 ug/kg of SMS 201-995 in combination 
with 0.1 IU/kg insulin has the same hypogly caemic effect as U.J>^ 
IU/kg of insulin alone. This insulin-saving effect could be of 
value in the therapy of diabetes, quite apart from the advantages 
one hopes to gain from normalisation of GH levels in such patients. 

Like SRIF and other analogues, SMS 201-995 inhibits 
. pentagastrin-induced gastric secretion. In the classical Shay rat 
the ID50 ! s of SMS 201-995 for inhibition of volume and f ree gastri c 
acid secretion are 0.7 and 0.4 ug/kg idn. r e *s7T^ctl v e 1 v . These 

• i l i_ i '. _ C CD' 



m-ia secrenui. / -.m. respectively , 

figures compare well with those for SRIF (55 M g/kg and 35 pg/kg) 
when the increase in potency for GH-inhibition is taken into 

consideration. . . . _ 

Despite being much more potent than SRIF, SMS 201-995 is better 
tolerated by laboratory animals. In preliminary trials in man, it 
did not cause any adverse effects up to the highest infused dose 
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of 50 gg/hour, which is many times higher than the minimal 
effective dose for inhibition of arginin-stimulated growth hormone 
release. The results of clinical trials will be published 
separately . 

Conclusion 

In conclusion, our stepwise optimisation of a small fragment of 
endogenous somatostatin has shown not only that it is possible to 
fir surpass the activity of the natural hormone with a synthetic 
nroduct, but also that both the duration of action and the 
P^yvalent inhibitory activity of somatostatin against various 
hormones are capable of being manipulated in such a way as better 
to meet therapeutic goals. We have high hopes that SMS 201-995 will 
oe of value in the treatment of acromegaly, as •;J u "= t o J h ;"JJ te8 
particularly in the late-stage vascular complications of diabetes, 
and in the treatment of various gastrointestinal disorders. 
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